Introduction: The purpose of this study is to evaluate the readability of 114 Sports Injury and Prevention patient education materials provided by the American Academy of Orthopaedic Surgeons (AAOS). Methods: We evaluated all articles written in English posted under the Sports Injury and Prevention section of the AAOS website using readability software to compute six readability scores, which we compared with the eighth-grade level using a two-tailed onesample Student t-test. Results: The mean reading grade level calculated by each readability test was markedly higher than the eighth-grade level. We reported mean 6 SD for each test: Flesch-Kincaid grade level (8.95 6 1.51; P , 0.001), Simple Measure of Gobbledygook (11.53 6 1.18; P , 0.001), Coleman-Liau index (11.16 6 1.33; P , 0.001), Gunning Fog index (11.06 6 1.63; P , 0.001), New Dale-Chall (9.49 6 1.66; P , 0.001), and FORCAST formulas (10.96 6 0.60; P , 0.001). Discussion: This study shows that patient education materials provided by the AAOS concerning sports injury and prevention are written at a readability level too high for patients to understand. On average, patient materials are written at least 2.5 grade levels higher than national recommendations. Only 7% of the 114 articles had readability scores in line with national recommendations. These findings indicate a need for revised patient education materials geared toward bringing the readability level down to the recommended eighth-grade level.
pertaining to common injuries and diagnoses on their websites. 1, [3] [4] [5] [6] [7] [8] This allows patients to learn more about their diagnoses and the treatment options available to them from a reliable source. Although this information is accurate and readily available to patients, the content provided on these websites may not be understood by patients if the material is written at a reading level higher than that which the patient can understand.
This reading level discrepancy in patient education materials exists across all fields of medicine, despite the recommendation from multiple organizations, such as the National Institutes of Health and the National Academy of Medicine, to provide education materials to the lay public at the eighth-grade reading level. 9, 10 Analysis of materials provided to patients by the American College of Cardiology and the American Heart Association showed that articles were written at a reading level markedly higher than the National Institutes of Health recommendation. 11 A similar problem has been identified regarding oncology and palliative care materials. 12, 13 Similar trends are seen among the orthopaedic literature. 1, [3] [4] [5] [6] [7] [8] 14 The goal of this study is to evaluate the sports medicine patient education materials provided by the American Academy of Orthopaedic Surgeons (AAOS). In 2008 and 2014, the patient education materials provided on the AAOS website were assessed for readability and showed that most of the articles were written above the nationally recommended level. 3, 6 It has been three years since the previous assessment, and 25% of the sports injury articles on the AAOS website have been edited in that time. This study will determine the current reading grade level of the patient materials provided on the AAOS website, allowing us to determine the progress made since the previous assessments. We hypothesize that, on average, the readability score of the AAOS English-language articles will exceed the nationally recommended eighth-grade reading level.
Methods
The reading level required for a patient to understand written material is termed "readability" and is typically yielded in a grade-level format to specify the level of education needed to understand the document. 3, 15 All English-language patient-directed articles from the AAOS website pertaining to sports injuries and prevention as of June 2017 were included in this study. This included articles within the Sports Injuries and Prevention subsection of the Health Centers portion of the OrthoInfo website (http://www. orthoinfo.org/) from the AAOS. Articles that contained only hyperlinked information were excluded from this study. One hundred twenty-six articles were initially identified from the Sports Injuries & Prevention subsection of the AAOS website. Eleven articles were not written in English and were excluded from this study. One article contained only hyperlinks to more information, and it was also excluded from the study, leaving 114 articles to be analyzed. Each article's content was pasted as plain text into a new Microsoft Word (Microsoft) document. All figures, figure legends, copyright notices, disclaimers, acknowledgements, citations, references, and hyperlinks were excluded from the analyzed material in accordance with software guidelines. 11 The Microsoft Word documents were then analyzed using the Readability Studio Professional Edition, version 2015 software package (Oleander Software). Because there is currently no benchmark test for readability, it is recommended to use more than one readability formula to increase the validity of the tests. 15 The software calculated six different formulas to determine six readability scores for each article. The six readability formulas used were the Flesch-Kincaid grade level, the Simple Measure of Gobbledygook index, the Coleman-Liau index, the Gunning Fog index, the New DaleChall formula, and the FORCAST readability formula. These six readability tests were chosen because they have been previously used for the analysis of patient health education materials. 4, 6, 11, 12, 15 Table 1 shows the formula used by the software to make each calculation. 12 The mean reading level for each article was determined by taking the average of the six calculated readability scores, with each readability assessment receiving equal weight in the analysis. This is similar to the analysis performed in previous readability studies. 6 The overall average and SD was also calculated for each of the six readability statistics. The average calculated by each readability test statistic was then compared with the nationally recommended eighth-grade reading level using a two-tailed, one-sample Student t-test, assuming unequal variances. The software also calculated the number of long words and complex words in each article. Any word made up of six or more characters was considered a long word, whereas any word with three or more syllables was considered a complex word.
Results
Readability Studio software successfully calculated the Flesch-Kincaid grade level, the Simple Measure of Gobbledygook index, the ColemanLiau index, the Gunning Fog index, the New Dale-Chall formula, and the FORCAST readability formula for all 114 articles input for analysis. Of the
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114 articles analyzed, none were written below the seventh-to-eighthgrade reading level, and only four articles were written at the seventh-toeighth-grade reading level. Figure 1 shows the number of articles written at each grade level based on the average of the eight calculated readability scores. Table 2 shows the average reading grade level and SD calculated by each of the six readability tests for the sports injury and prevention materials provided on the AAOS website. When we compared each readability test average against the nationally recommended eighth-grade reading level, we found that each of the six tests showed that the material was written at a markedly higher reading level than the recommendation.
The readability software also shows the percentage of complex words (any word containing three or more syllables) and long words (any word containing six or more characters) for each article analyzed as the output. Higher percentages of complex and long words increase the reading grade level of the article. The average percentage of complex words in the analyzed articles was 16.3%, with an SD of 3.3%, whereas the average percentage of long words in the analyzed articles was 37.2%, with an SD of 3.8%. Table 3 shows problematic words identified by the readability software and suggestions for replacement terms that would be more understandable to decrease the reading level of the document.
Discussion
With many patients today searching the internet for information related to their health, it is important to ensure that information is not only accurate Graph showing the number of American Academy of Orthopaedic Surgeons sports injury and prevention patient education articles written at each grade level based on the average of six readability scores.
and accessible but also written at a reading level that the adult population can understand. 1,2 Specifically, in the field of orthopaedics, many authors have reported patients using the internet to learn more about their diagnosis, some as high as 75%. 3, 16, 17 Previous analysis of information provided by the AAOS through the OrthoInfo website in 2008 and 2014 showed that most of the materials were written at a reading level too complex for patients to understand. 3, 6 This led to our hypothesis that the patient education material about sports injury and prevention provided on the OrthoInfo website would also be written above the recommended eighth-grade reading level. Our analysis using six different readability tests showed that the articles were written at a level markedly higher than the 8th-grade level, with eight of the articles written above the 12th-grade reading level.
In 2008, the mean grade level of the patient education materials on the AAOS website was reported as a 10.4-grade level using the FleschKincaid readability assessment. At that time, 85% of the articles were written above the eighth-grade reading level. 3 Another analysis of the AAOS patient education materials, conducted in 2014, reported that the mean Flesch-Kincaid grade level had dropped to 9.3, but 84% of the articles were still written above the eighth-grade reading level. 6 The following results from this study were calculated using only the FleschKincaid grade level to accurately compare our findings with both the 2008 and 2014 findings, which were only reported as the Flesch-Kincaid grade level. Our study showed an average Flesh-Kincaid grade level of 8.95 6 1.51, with 72% of the articles written above the eighthgrade reading level. Although these studies show that the reading level of patient education materials is trending toward the eighth-grade recommendation, most of the articles provided to patients are still written above this recommendation. Our findings are consistent with those from many studies showing that the online orthopaedic patient education material is written at grade levels too high for patients to understand. 1, [3] [4] [5] [6] 8, 14 These studies show that despite progress in providing readily accessible and accurate information to patients, the same progress has not been seen in making the writing understandable for the average patient reading level.
Previous assessments of literacy in the US population conducted by the National Center for Education Statistics reported that 43% of the population has basic (29%) or below basic (14%) literary skills. Basic literacy skills allow the patient to function in typical everyday activities but do not include complex literacy activities. Only 13% of the population had literacy skills proficient for The discrepancy shown in this study between the reading level of patient education materials and the national recommendation is seen across many fields of medicine and indicates that changes need to be made to improve the patient's ability to understand the provided health information. 1, [3] [4] [5] [6] [7] [8] [11] [12] [13] [14] To improve the material analyzed in our study, we looked at the variables used to determine the readability of a document. Two variables that increase the reading grade level of a document are the percentage of long and complex words in the document. The articles in this study were found to have an average of 16.3% of complex words and 37.2% of long words in each article. Decreasing the percentage of these words would lower the reading level. Some of the problematic terms and acceptable substitutions that would decrease the reading level of the document are indicated in Table 3 .
This study is not without limitations. All images were removed from the material analyzed by the readability software because the readability tests used in this study are not capable of evaluating images.
Figures can enhance the comprehension of a document; however, the only readability tool designed to analyze figures in a document is the Suitability Assessment of Materials, which has been criticized for its subjectivity and lack of validation. 5, 7 We excluded articles not written in English because, like figures, the readability tests used in this study are not capable of evaluating multiple languages. This excluded nine articles written in Spanish and two articles written in Portuguese; however, this likely did not affect the overall analysis. With 21.4% of the US population speaking languages other than English, additional research must be conducted to evaluate the patient materials provided in other languages. 24 Although it is important that the educational material be readable, there are several additional prerequisites for effective communication, including validity and accessibility, that were not evaluated in this study. A study examining the effectiveness of providing preoperative information sheets for patients who undergo spinal surgery demonstrated that patients have a better overall comprehension of medical information when information is presented in writing compared with information provided orally by the surgeon. 25 Our study showed that the reading level of the information provided on the AAOS website is currently too high. But, additional studies aimed at determining the validity of the information and measuring the patient's comprehension of the material are required to accurately determine how well patients understand the material presented in this format. It should be noted that accessing online materials may be a challenge for some patients if they do not have internet access to the internet or if they have impaired vision or other limitations that affect their ability to read the patient education material provided on the AAOS website. For this reason, surgeons must be cognizant of their patients' limitations and the resources they have available. For example, if patients do not have internet access, the surgeon could print the material for them.
Our study demonstrates that patient education materials provided by the AAOS concerning sports injury and prevention are written at a readability level too high for patients to understand. These findings indicate a need for revision of patient education materials to achieve the eighth-grade reading level. In the future, before new materials are published, readability analysis should be used to ensure that the content is written appropriately for the recommended patient reading level. Our recommendations for improving readability are to decrease the amount of complex and long words in the text. Previous readability studies have provided additional ideas for improving patient materials. 3, 4, 26 Although our recommendation is to decrease the reading level of the patient education materials, we acknowledge that it is important to accurately convey information without oversimplifying education materials. The eighth-grade reading level is thought to align with most patients' capabilities without over simplifying the material. Information provided for patients must match the comprehension capabilities of the average patient and be designed to increase the knowledge of a diagnosis and understand the various treatment options.
